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A bstr a ct
Info r m atio n on airpO11utio11,effects of airpollutio n a nda cid depo sition onfo r e sta nd s oil, elernent
budget ha v ebe en in v e stigated 血)m May 1995to May 1996in Beijing stLbu rban catchm e nt
(shisa nling)and Tokyo s uburban catchm ent(Hakyuti). ThepH arln u al aver age valu e ofr ainfall
w as6.7 atShisa nlingand4.7 attlakyuti. Airpollutio n atShis anling w a s cla si罰edto s ulfu ric a cid
type a nd nitrate ad dtype atH alq[uti･ ､C
o n c eming m ated al budget atthetw o s mallc atchm e nts,
s odium a nd m agn esiu m outputs w e relarge tha n their atm o spheric inputs, s o s odiu m and
magne sium le a ched 丘o mthetw o c atchm e nts. Otherio n s(SO421, F‾, N O3
-
,
CI-
,
K'
,
Ca2', NF4')
ha v ebe e n a c c u m ulated atShis a nlinga nd 日放yuti. Dis cha rge a nd a c c u m ulatio n of al1ele m e nts
(e x cqpt N OT)in Shis an1ing w er ela rgertha ntho s e atffakyuti. Thatis be c a u s edischarge and
ac cu m ulationdq)erLdedo ndqpo sitio n. Depo sition atShis a nlingw aslargertha nthat atffa軸uti･ On
the otherha nd, FhlQride w as r e m arkablydiffer e ntbetw 鰭1Shisanling a n
l
l
d H 止ytlti, 81% of the
inptlt W a s a c c u m ulatedatShis a nlinga nd1lO% of theinputw asdischargedatliakyuti･
h trodtlCtio n
触 erltly enviro n m e ntalacidiflCatio n(a cidrain)hasbe c o m e a m ajo r e n vir on m etalproblem inthe
w o rld. Ea stAsia wher eha s sho w n rapide c o m onicgrowthin re ce ntye a rsis r e c eiv lng C O n Side mble
inte m atio n alatte ntio n･ It has alr e adybe c o m e athird biggestr egi o n Ofa cidr ainin the w o血d. T he
regio n stothe s o uthof YangziRiv e r o c c upiedhalfofthat(Wang,1997)･
Sin ce1981
,
inv estigation s o n a cidr ainhavebeen c onducted at al1r eglO n Sin C hin a･ Asa r es ults ,
itw asfo u ndthats ulfur(S O2)isthe c a u s e ofa cidmininChin a, a ndr e由o n s whe r e rainfallpH w a s
belo w5･6 ha v e ste adilyextended tothe n orthso uthe m r egl O nin re c e ntye ar sI T heda m ages ofa cid
mintofo r e strya ndagric ulture w er efo u ndinthe r egionsto so uthpa st of Yangzi Riv er･ In m o st
are a softhe n orth
,
the a m o u nt ofa cids ubsta n c es a r ehigh,butbe c atlS e ak alin epa rdc ulate s ar erich
a ndpH valu e ofs oilishigh, the r eha v ebee n n o r eports ofo ∝ urr e n c e s of a cidrain ･ Ho wev erif
e mission of atm ospheric polltlta ntS ke eps at the re c e ntle v el, in the futu r ether e will be the
po s sibility ofeffe cts of a cid rain o nfo r estry and agricultu r e･ A s mallc atchm e nt(Shisanling)at
Beijings uburb w a s se c eltedfo r a s se s s m ent ofthe c o ndito n ofairpolutio n, in cludingthe effects
o nfo r e sta nds oil.
Onthe otherhand, T heplia n n u al v er age valu e(1996)inpr e cipitatio n w a s4･8
- 419 jnJapan･
r
rbe
e xte n sive o c c u rr e n c e s of forest declin e a nd lake a cidi丘c atio n ha v enot be e n c arried in the
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c atchm e ntof Tokyo s ubtLrb･
The objectiv e s of this sttlde w ereto:
1)ldenti&the c o nditions of airpollutionin Beijing and Tokyo subu rb･
2)Studythe effects ofa cidrain o nfor esta nds oil1
3)Dis c u s sthedifference what ofele m e ntbudgeta ndbu触ringc apa cityofc atchm e ntbetw e e n
tieijingaridTokyo.
Methods
1. SiteD岱 Criptio n
Tw o e xperim etalsites we r elo c atedatShis a nlinginBeijings uburba ndattlakyutiin Tokyo s uburb
r espe ctively. Thefo r ested ar e a ofShis anlingis12･3ha･ Ele v ation range s如 m 138to 400m 肝igl)･
The c o nife m u s spe ciesis Chin es epln e) a nd c o v e rs7･3 9ha･ The m ajor Spe cie sis cypr es sin
de cidu o u sfo r esta ndit
-
s a re ais4.93ha. Soiltypeisbr o w nfo r e st oil.
Hakyutiislo c atedintheTa m aHillregio n ofCe n他1Japa n(Fig2)I Theforested ar ea oftlakyutis
11.3ha and the studied are ais 2.15ha(1.55mix ed de cidu o u sfo r est a nd 0.6ha mix ed c o t)ife r o u s
fo r e st). T hede v ation TangeS丘o m140to190m . T he m ajo rtre e spe ciesin cludeJapa n e s e r edc eda r,
E inQkicypr esin c o nifer o u sfo re sta nd Oak inde cidu o u sfor est･ SoiltypeisAndis ols･
2. Sa mple c olle ctio n
7hin免11
,
thr o ugh免11, ste m丑o w, stre a m w ater and s oilsolution s at20,30,4050c m depth w er e
c olle ctedo n c e a m otlthin 1995- 1996 in Shisanling andHakyutir e spe ctiv ely(soils olutio n s w ere
v eryhardto c olle ct).
3. An alysis
After c olle ctio n, w ater sa TnPle s w er analyzedfo rpE and ele ctric c o ndu ctivity. A境e rthat al
c olle cted w ater w as丘1tered wi thm e mbran c e刑ters(Milipo r e0.45LL m in por esiz e)a ndstoredaト
20
o
C a nd a n alyz ed within a m o nth for Cl
-
,
S伽2-,F
-
,NO3‾and NO㌢ by io n chr o m atogr aphy
げokoga w a, 1C 2(氾lo n Chro m atographic analyzer), for Ca2',Mg2',K' and Na' by ato mic
abs o rptio n spe ctr ophoto mdry(Shim adz u,670/AA Atomic ads o rptio n spe ctr ophoto n eter), a nd for
NH4'byc olorim etry(Shim ad2:tl,Spe ctrophoto m et rU V-140-01).
Re sdts a nd D is ctLS Sio n s
1. C he mic alc o mpo sitio n sinpr e cipiti(lion
An n uala v e r age c o n c e ntratio n s of m ajo r chemiG l c o mpo sitio n sin pr e cipitatio nin Beijing and
Tokyo s uburbs ar e r epr es e nted inFigu r e3･ T he m ajor chemicalc ompo sition sinpr e cipitatio n w er e
di触re nt betw e e nShisanl hg and flakytld, AtShisa nling the a n n uala v er age c o n c e ntratio n of
s ulphate w as320LL eqA, a ndover70 %ofalthe m e a s u r ed anions.Theio n ofhighestc onc entratio n
w a s nitr ate with c o n c e ntr atio n of 46･5LL eqA a nd o c c upied 41% ofal anion satRakyuti. Fr o m
Figure3 itc a nbe s 既 nthat theio n c o n c e ntr atio n s exc eptfl
'
a ndNO21 atShis a nling w er ehigher
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tha ntho s e at壬iakyutiexpe ciallyCa2
'
,
K'
,
S O42‾ were v eryhigh, AtShis a nlingF
- that ha s signi負c a nt
to xicitytohu m a n, anim als arldpla nts ,w a s4tim es ashightha nthatat Hakyuti･
AtShis a nlinga cidic substa n c eslikeS O42
-
a nd N O31
,
in rainfallw er ehigh, btltthepH value was
6.7, whichis highertbaTl that at壬ⅠakytltibH 4.7)be c a u s e of l wpr e cipitatio n a nd high catio n
co n c e ntr ation s(Ca2' ,K')in a ero sola ndpartic ulate sintheatm o sphere.
Ac c o rdingto r atio ofN O3
‾
tO S Ch2- , it c 姐 be c o n sideredthatairpolution atShis a nling lS
splphmic a cidtype, a ndmi tr ate a cidtypein Hakyuti･
2. Atm o sphe ric hptlt
The an n u alpr e cipitatio n atShisa Jling w as498m m, and w as3 也m e s s m alle rtha nil一flakyuti
(1568m m). T he atm o sphe ricinputofio n s(e x c eptCa2',K',S O42‾)at flakyutiw a shighertha ntho s e
atShis a nling,altho ughion c o n c eTttratio n sin c olle ctedw ate r atShis anling w er ehigherthanthose at
Eakyuti(Rg4).Be c a u s epr e cipitatio n w a s s m al , the refor eio n sinptLt Wa sC O n Side redto be s mal1･
Co n c 餌11 ngI o n s Inputs Ofthro ughfhllin c o nifer o u s andde cidu o u sfo re st ,itw asfou ndthatinputs
v aded withdiffere nt tr e e spe cies. AtShis an)ingIon nPutS eX Cq)INE4
'
w er ehigh in de cidu o u s
for est. Itm ay r e s ult丘o mthe clim atein Beijing, which is symbolized by dryn es s a nd s mal
pre cipitatio n. Thepr e ciptatio ninJt m e,July, Angu sta ndSqptember c ovq ed 75 %ofthetotalin a
ye ar. The other eight m o nths(October- M ay)ar e血11en s e a s on oftheleav e sinde cidtlO tlSfo r est,
ther efo r epr e cipitatio nin de cidu o u sfor e stis les sthan in c o nifq o u sfo r e st･ Alm o st al1the
thro ug旭11in de ci血o u sfore stc o uld be collected. At Hakytlti K
'
a nd Mg
2' hputs inde cidu o u s
for e st w er ehighe rtha nin c o nife m u sfor est, andthe r efor eitc a nbe c o n sider edthat K
＋
and Mg
2'
w er el a ched丘り m de ci血1 0 u Sfo r e st.
3. Str e a m w ate r otltPut
T hedis chargehada dir e ct ralaio n shiptopr e cipitation(rtO･94)I T he dis cha rge s atShis a nlinga nd
Hakyt1tio c c upied7.5 %aT)d 6 %ofpr e cipitation s respe ctiv ely, a ndav す age r ate s Offlo w w er eO･16
a nd 1.21I/s
,
r e spe ctiv ely.
Conc emingstre a m w ate rqu ality, c onside rablediffe re n c es c anbe s e en ･ AtIIalqutia v e r agepF
valu e w a salm o st n e utr al
,
a nd w a s weak 血 1imity (7.7-7･9)at Shisa nling･ The m ajo r che mic al
c ompo sitio tlin stre a m w ater w asNOつ
-
I Ca2'
,
Mg
2' a nd Na＋
,
a m o ng which Me十isthehighestat
Hakyuti(303LL eqJl). AtShisanlingCa2
'
,
Na'
,
S Oi2- a ndK' w er ethe major c o mposition, and Ca2'
w ashighestinthe m. T he c o n c e ntr atio n s ofS O42-,Ca2
＋
and K' atShis a nling w er e314
-42tim e s a s
high a s atHakyuti･ Thepr opo rtio n of K
' c o n c entrationinthepr ecipitatio n atShisa nlingto thatat
hkyuti w a s6･8, therefor ethe gre at differe n c e w a s obs erv ed betw e n stre a m wate r and
pr e clpitation. K＋ co n c entr atio nin s oils olutionderiv ed血) mthebr o w nfor est oilatShis a nlingw a s
14 tim es a shighasthanthos e血o m Andis ols atH alquti,therefo r ethe c a u s e ofthe K＋ differ e n c eis
iTlfe r edto be s oilproperties. In the vie w of ion b alance at HalEyuti, c atio n c o n c erltr atio rlS W er e
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lo w e rtha n a nio n s
,
a ndthe r efor epH v allle W a s n e utr al, andatShis a nling仁atio n c o n c e ntr atio ns w er
highertha n anio71 C O n C e ntrations. Asar es ult,pH v alu ehas sho w n w e ak l k alin e.
4. Soils otdbtL
The c orLC e ntr atio n s ofr n a)o r chemic a一c o mpo sitioTIW e r efou rldtobe differ ent in v ario n sdq)ths.
Catio n c o n c erltr atio n sin cr e a s edwith dq)th,while a nio TISde cre a s ed. As a r e s ult, pH v alu e ris ed with
depths.
Åtflakytltithe m ajor c o mpo sitio n s w e reCa2＋,FOB
-
, a nd Ca2
'
, Mg
2'
atShisa nlling. Fr o T nthe
c o n c e ntratio n sin soilsolution,it w a s obs er vedthation c o n c entrations exc甲tCl
-
a nd NO3- io n sat
Shisanling w er ehigherthan tho s e atH alqTuti, espe cially c atio n con c e ntrations w e r ehighertha n
a nions. As a r e s ult
,
itis consideredthat the s oilatShis a nlirLghas alargebtl触ingc apa cityto a cid
rain.
5. Materialbudget
Material budgets w er e C O mpa r ed betw e e nShisa nling a nd llakytltiin July, Augu st and
Sq}te mber,1995･ lt w asfo u71dthat the n w er e simila rfe atu r e s atShis a nling 弧d Hakyuti: Mg
2十 and
N athfrgel飽dled fro m thet w o c at chn 蝕 tS
,
a ndotherion sha ve a c ctlm 山 弧ed(Tab I).
F- budgetha sbe en fo u ndr e m arkablydif5e(e ntbetw 鰭 1thetw o c atchm e nts. A bo ut80% ofthe
inputw a s a ccu mulatedatShisa n]ing, a nd1lO%oftheinputw asdis chargedatHakyutiI Dis charges
a nd a c c u m uhtio n s of all elem ents w er e c o n side mbly differ e nt sin c ethe pre cipitatio n s w er e
differe nt at tw o a re as･ It w a sfo u ndthats ulphate atShis anl ing w a s8tim e shighertha n at Hakyuti･
AtShis an1inga cids ubstan c es w e r e a c c u r n ulated i soil,but the s oil hashrgebu 触ingc apa city,
effe cts ofpr e cIPltation onpla nts a nds oilha v e n otbe e nindicatedinthe n o w.
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Table 1 Co m a riso n ofm ate rial bud etsbetwe e nShis a nlin a ndHakyuti
F CI N O2 N O3 SO4 K Na Ca Mg NH4 H v ol
k9/ha ･ 3m o nths
S his a nling
inputs
o utputs
dlscharge(%)
sa v e(＋)le adl(-)
.8
.I
8.
.6
.6
.1
8.
.4
.9
.7
4.
.～
.S
.4
1.
.1
0.
.5
l.
5.
4.
.3
2.
8 .
2.7 0
2.8 6
1 0 6
- 0.1 6
6.
4.
4.
.6
3.4 3
6.33
1 8 5
-2.91
441m m
3 2 6 0m】
Hakyuti
inputs
O utputs
dis charge(鶴)
s a v e(＋)le a ch(-)
0
.
0 7
O.0 8
10 7
･0.01
.
6
.2
0.
.4
4.
.6
8.
.1
.6 4
.1 6
5 .0
.4 8
1 .2之
1 .70
140
10.48
.0
.0
1.
.9
0.36
I.Z3
34 0
-0.8 7
.2
.0
6.
.
I
5 32m m
7 3 1m】
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